mathematical physics, the general theory of stability (correctness) for the operator-difference schemes developed by A. Samarskii is widely used. A. Samarskii and his disciples have formulated exact (coincident necessary and sufficient) conditions for a wide class of twoand three-level difference schemes in finite dimensional Hilbert spaces. The convergence of the difference schemes is established in the various norms which should be consistent with the smoothness of solutions of the differential problem. Therefore, it is necessary to have a spectrum of estimates for the difference solution. In considerating the difference schemes for nonstationary boundary problems with a generalized solution, estimates of the difference solution in time integral norms require special attention. In their works, P. Vabishchevich and P. Matus have obtained a priori estimates for two-level difference schemes written in the canonical form.
In investigating the correctness of the initial and boundary problems of mathematical physics, primary attention is paid to the solution stability with respect to the initial data and the right-hand side. In the general case, continuous dependence of the solution on the perturbation of the problem operators is necessary, e.g., on the coefficients of the equation, i.e., strong (coefficients') stability. In their joint works P. Vabishchevich, A. Samarskii, and P. Matus have given a priori estimates expressing continuous dependence of the problem solution on the perturbations of the right-hand side and the operator.
In the book [2] for solving nonstationary problems of mathematical physics schemes with operator multipliers are proposed. On their basis adaptive computational algorithms for equations of a mixed type on the locally time or/and space thickening grid have been developed.
Another important direction of Vabishchevich's work is associated with the development of the fictitious domains method for solving problems of mathematical physics and hydrodynamics. First this method, as a computational technique, was proposed by V. K. Saul'ev and from 1960th investigated by Russian-language authors. It is rather simple for numerical solution of the boundary problems in irregular domains and is based on the replacement of the initial calculation domain by some regular domain Ω 0 (Ω ∈ Ω 0 ), e.g., a rectangle in two-dimensional problems. After that the problem in Ω 0 is solved by the ordinary numerical methods. It is necessary to continue the solution of the initial problem in a fictitious domain Ω 1 = Ω \ Ω 0 so that the solution of the problem in a dilated domain gives an approximate solution in the initial domain Ω. A problem in a dilated domain is characterized by small (large) coefficients of the differential equation, which determines the necessity of a special investigation of problems of accuracy and computational realization of the iterative methods for solving corresponding problems. These results were presented in Peter Vabishchevich's book on the fictitious domains method [8] .
The next series of fundamental works by Vabischevich is devoted to the theory of additive operator-difference schemes (splitting schemes). Additive schemes of the domain decomposition method for solving multidimensional nonstationary problems meant modern computers of parallel architecture were constructed and investigated. In their works, D. W. Peaceman, Jr. J. Douglas, H. H. Rachford, N. N. Janenko, A. A. Samarskii, G. I. Marchuk, and others investigated the problem of constructing additive schemes (splitting schemes) for an approximate solution of the initial and boundary problems for multidimensional equations in partial derivatives. Recently a new class of operator-difference schemes of splitting has appeared. In the given class of schemes, an initial scalar problem for one unknown function is replaced by a problem for a vector each component of which can be considered as a solution. In their works, Vabishchevich and Samarskii proposed schemes of full approximation for the evolutionary equations of the first and second order under general multicomponent splitting. New additive difference schemes for differential-operator equations for the general case of additive splitting with an arbitrary number of two by two noncommutative operator addends were developed. Construction of unconditionally stable schemes is based on the regularization of the simplest explicit two-level scheme by a small multiplicative perturbation of each splitting operator. A priori estimates of the difference solution on the initial data and on the right-hand side are obtained without consideration of the intermediate problems.
On the basis of these estimates the corresponding accuracy estimates for concrete splitting schemes can be derived [6] .
There exists a special class of additive difference schemes connected with dividing (splitting) of the calculated domain into separate subdomains. The initial problem is divided into a number of subproblems each of which is solved in its subdomain by a separate processor (its elementary machine). The subdomains decomposition methods are used for approximate solution of the boundary problems of mathematical physics in complicated nonregular domains and for construction of the effective computational algorithms oriented towards modern parallel-architecture computing systems. Currently the methods of domain decomposition for elliptical equations of the second order are the best developed ones. The iterative domain decomposition methods with (or without) superposition of separate subdomains under various boundary conditions on the subdomains boundaries (exchange boundary conditions) are constructed. The development of asynchronous (parallel) algorithms allowing to organize independent computations in separate subdomains at each iterative step is demanded and timely.
In considerating the nonstationary problems of mathematical physics, the noniterative modified methods of domain decomposition (regional and additive schemes) are worth mentioning. For numerical solution of the grid elliptic problem on the new time layer the classical implicit schemes and iterative methods of domain decomposition were traditionally used. The regional and additive schemes proposed by Vabishchevich take into account the specificity of the nonstationary problems in the best way when the transition on a new layer is connected with the solution of a separate collection of problems under given different boundary conditions from the previous time layer with the choice of the domain decomposition operator. P. Vabishchevich investigated ( [2, 6] ) the difference schemes of the domain decomposition method for solving boundary problems for the parabolic and hyperbolic equations of the second order on the basis of different additive difference schemes.
P. Vabishchevich has made a great contribution to the development of methods for the numerical solvution of inverse problems of mathematical physics. He proposed and substantiated numerical algorithms for solving inverse problems for the evolutionary equations of the first and second order. He constructed regularized difference schemes, schemes with nonlocal perturbation of the initial conditions and developed effective computational algorithms for an approximate solution of the problems of identification of the unknown right-hand side for elliptic and parabolic problems. These methods have been used in an approximate solution of the inverse heat conductivity problems (retrospective problem, boundary inverse problems) as well as to solve the geophysics problems -continuation of the potential fields in the gravimetric and magnetic prospecting. In co-authorship with Academician Samarskii, he has published a monograph [4] on the development of numerical methods for approximate solution of the inverse problems of mathematical physics.
The basic features of continuum mechanics problems are connected with the existence of convection and its dominance in many processes. Theoretical and methodological investiga-tion of numerical algorithms oriented towards numerical simulation of such problems should be conducted on basic model problems -boundary value problems of convection/diffusion. In his works, Peter Vabishchevich [3, 10] discussed the complete spectrum of problems of numerical solution of convection/diffusion problems. He highlighted three primary classes of these problems connected with the use of divergent, nondivergent, and skew-symmetric formulations for convective transport operators.
Peter Vabishchevich has investigated the problems of constructing and validating numerical methods for steady-state problems of convection/diffusion. For differential 2D and 3D convection/diffusion problems he has considered the primary properties of the convective transport operator in Hilbert spaces and formulated the maximum principle for convection/diffusion equations in the divergent and the nondivergent form. In constructing discrete analogs, he employed finite-difference methods that are in common use for solving large-scale applied problems.
Peter Vabishchevich has developed effective computational algorithms for solving twoand three-dimensional problems of viscous incompressible liquid dynamics in complicated calculated domains subject to phase transitions. These methods were also used for the solution of applied continuum mechanics problems, heat and mass transfer. On the basis of the results obtained by him the physical and chemical processes in the severe accidents of nuclear reactors as well as basic physical processes in aluminum electrolyzers have been simulated.
It is difficult in such a brief article as this one to recount all our colleague's achievements in the field of numerical methods and mathematical simulation. Peter Vabishchevich is at the peak of his creative development. We wish our friend, on his jubilee great creative results, new ideas and their realization.
